Some patients experience skin sensations of infestation and contamination that are elusive to proximate dermatological explanation. We undertook a functional magnetic resonance imaging study of the brain to demonstrate, for the first time, that central processing of infestation-relevant stimuli is altered in patients with such abnormal skin sensations. We show differences in neural activity within amygdala, insula, middle temporal lobe and frontal cortices. Patients also demonstrated altered measures of selfrepresentation, with poorer sensitivity to internal bodily (interoceptive) signals and greater susceptibility to take on an illusion of body ownership: the rubber hand illusion. Together, these findings highlight a potential model for the maintenance of abnormal skin sensations, encompassing heightened threat processing within amygdala, increased salience of skin representations within insula and compromised prefrontal capacity for self-regulation and appraisal.
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Introduction
A sub-group of patients presenting to dermatological services describe chronic abnormal skin sensations, characterised by a feeling of crawling or movement and sometimes stinging sensations on or under the skin in the absence of evidence for a local cause. These sensations can evoke the subjective experience and belief of infestation by animate organisms or infiltration by inanimate matter. If this belief is particularly strong, patients can be diagnosed as having Delusional Infestation (Bewley et al., 2010) . Interestingly, although chronic abnormal skin sensations can occur in isolation, they are also observed secondary to other medical disorders, including stroke, dementia, intoxication or drug withdrawal states.
The impact of these experiences can be considerable, causing mood disorder, sleep disturbance and disruption of social or occupational functioning. Sometimes intense behaviours are pursued to target the putative infestation, including excessive bathing and cleaning of self and family (see Freudenmann and Lepping (2009) for examples). This constellation of symptoms and reactions are difficult to manage therapeutically although, for some, neuroleptic pharmacotherapy can be anecdotally useful (Huber et al., 2011 , Bostwick, 2011 , Ahmed and Bewley, 2013 . The central neurobiological mechanisms underlying the generation and maintenance of abnormal skin sensations of infestation remain unclear. There is a paucity of systematic neuroimaging work in this area. Heightened activation of bilateral somatosensory cortices is reported in one functional magnetic resonance imaging (fMRI) study of a single patient with firmly held beliefs regarding infestation (Geoffroy et al., 2013) . Basal ganglia atrophy, chiefly localised to the putamen, is reported in an analysis of structural clinical MRI scans from nine patients with predominantly secondary abnormally skin sensations (Huber et al., 2008) . Further, the fronto-striato-thalamo-parietal network was implicated in two patients who underwent multimodal imaging (including FDG-PET and SPECT) (Freudenmann et al., 2010) . Together, these neuroimaging studies suggest that abnormal skin sensations engage the 
